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Abstract — We observed male-male fighting during the mating proeess of the whip scorpion Typopeltis 
stimpsonii (Wood 1862) in the field on Amami-Oshima Island, Japan, and this may be the first report of ago¬ 
nistic behavior between male whip scorpions. The fight proceeded in the form of physical contact activities, 
such as wrestling, as the males grappled and tackled each other using their pedipalps and lifted, rotated, and 
mounted the opponent. Each male held one of the two antenniform legs of the female with his chelicerae 
throughout the entire fight even during aggressive physical contact. The males fought without chemical 
spraying, supporting previous studies of the function of chemical spray as a defense against predators. The 
fight was terminated by ant attacks, probably due to a decreased sensitivity of the males, who concentrated 
on fighting, to surrounding environmental risks. Additional observations are desirable to promote further re¬ 
search on whip scorpions, as few studies have been conducted in the field. 
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Introduction 

Whip scorpions (Uropygi) are one of the orders in the 
class Arachnida, consisting of 15 genera and 120 species 
(Harvey 2013). Biological data regarding this group are 
limited due to the small size of the order and their incon¬ 
spicuous characteristics, such as a nocturnal habit, dark 
body color, slow infrequent movement, lack of attraction to 
bait and light, and lack of ultraviolet fluorescence (Schmidt 
2009). 

Examples of the subjects included in these few studies in¬ 
clude the chemistry of the antipredator spray (Yogi & Haupt 
1977; Itokawa et al. 1981, 1985; Schmidt et al. 2000), life 
history (Yoshikura 1965; Weygoldt 1971), and courtship 
and sperm transfer behavior (Weygoldt 1970, 1971, 1978, 
1988; Ferreira et al. 2011; Weygoldt & Huber 2013; 
Imaizumi & Karasawa 2015), all of which are characteristic 
for the unique traits of whip scorpions in the taxonomy and 
evolution of Arachnida. However, because most of these 
studies were conducted in the laboratory (but see Imaizumi 
& Karasawa 2015), it remains unknown how individuals in¬ 
teract and how the traits of the species are used in the natu¬ 
ral environment. 

In this study, we report a field observation of male-male 
agonistic behavior and accompanying incidents during the 


mating of the whip scorpion Typopeltis stimpsonii (Wood 
1862). Because whip scorpion mating is a complex process 
that includes indirect sperm transfer (Weygoldt 1970, 1971; 
Schaller 1971) and is time-consuming, such as a mean of 13 
h in Mastigoproctus giganteus (Lucas 1835) (Schmidt 2009) 
and 24-48 h in M brasilianus (C. L. Koch 1843) (Ferreira 
et al. 2011), its costs and risks in the natural environment 
may affect reproductive success, survival rate, and evolution 
(Magnhagen 1991). Therefore, field observations are im¬ 
portant in elucidating the fundamental biology of whip scor¬ 
pions. 

Materials and methods 

Typopeltis stimpsonii is endemic to Japan and is naturally 
distributed on the islands from Kerama Gap to Kyushu 
Island (Karasawa et al. 2015) (Fig. 1). Many copulating T. 
stimpsonii were observed opportunistically when we con¬ 
ducted a native frog census from a car during the night of 
September 7-8, 2013, along a forest road at Yamato Village 
on Amami-Oshima Island, Japan (Fig. 1). Most of the vege¬ 
tation along the forest road consisted of secondary forest 
dominated by evergreen broadleaf trees such as Castanopsis 
sieboldii and Schima liukiuensis. The weather was calm 
with no heavy rain or strong winds at night. The tempera¬ 
ture and relative humidity at 20:30 on September 7 were 
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28.2°C and 92%, respectively. 

To roughly estimate the maximum frequency of pairs, we 
set a 50-m long transect using a tape measure along the for¬ 
est road where the copulating pairs were observed most fre¬ 
quently (N 28°20'33.4'', E 129°2l'42.3''). Along this 
transect, individuals occurring on the road (paved and 5-m 
wide) or within 2-m wide buffers on both sides of the road 
were counted by two persons (authors) with headlights dur¬ 
ing a 30-min walk from 20:45 to 21:15 on September 7, 
2013. The sex of the observed individuals could easily be 
discriminated by the shape of the patellar apophysis of the 
pedipalps, i.e., longer, slender, curved in the ventral direc¬ 
tion, and tip distinctly broadened in the male and relatively 
straight and the tip being sharp in the female (Sato 1941; 
Yoshikura 1966; Haupt & Song 1996; McMonigle 2013). 

Among the pairs we observed that night, we encountered 
male-male fighting for a female only once (N 28° 19^59.0'', 
E 129°23'48.l'') and we made observations with head lights 
and digital cameras for approximately 90 min from 0:40 to 
2:10 on September 8, 2013, when the fighting stopped. On 
the basis of the photos and videos taken, we categorized the 
elements of the fight and summarized their sequence in time 
throughout the entire fight. It is unlikely that we disturbed 
the mating individuals because they did not react to our 
movements or a flashlight, as described by Weygoldt 
(1970). 

Results 

We counted 11 individuals, including five mating pairs 
and a single female of T. stimpsonii along the 50-m transect 
that we set on the forest road. All pairs observed were at the 
“stage 2” (a term used by McMonigle 2013) or “generation” 
(Schmidt 2009) mating phase, in which the male and female 
were facing the same direction and the female was holding 
the male’s opisthosoma from behind him (Weygoldt 1970, 


1971). 

Our first encounter with a fighting event appeared to be 
a parade with three individuals facing the same direction 
(Fig. 2A). Actually, the front (hereafter, the longer-tailed 
male) and rear (hereafter, the shorter-tailed male) individu¬ 
als were males, and the second individual was a female. We 
could not identify which male paired with the female first 
because the fight had already begun. Because of their simi¬ 
lar body size, it was only possible to visually discriminate 
between the males based on their tail length. The longer- 
tailed male and the female formed the typical reproductive 
posture of “stage 2” (McMonigle 2013), and the shorter- 
tailed male followed the female behind the pair. The longer 
and shorter-tailed males grasped the tips of the right and left 
antenniform legs of the female with their chelicerae, respec¬ 
tively. Here we call this formation the “basic formation” 
(Fig. 2A). 

Fighting consists of the basic formation, as when we first 
encountered the individuals (Fig. 2A), and the ensuing 
physical contacts, which were repeated several times during 
the observation (Table 1). The physical contacts included 
grappling, where the males grappled with each other using 
their pedipalps (Fig. 2B); mounting, where the offensive 
male mounted the defensive male and attacked his legs with 
his palpal chelae or squeezed a leg joint with his pedipalps 
(Fig. 2C); tackling, where the offensive male tackled the de¬ 
fensive male from below and lifted and turned the defensive 
male; and pulling the female, where the female completely 
released the opisthosoma several times during the fight, and 
the two males pulled each of the female’s antenniform legs 
with their chelicerae (Fig. 2D). The physical contacts were 
not so strong that the defending male was damaged, cut, or 
suffered a fatal wound. The physical contacts were most 
often triggered by the longer-tailed male, which was appar¬ 
ently disturbed when the shorter-tailed male approached the 
female, and the shorter-tailed male fought back. In most 
cases, physical contacts started by grappling, followed by 
any combination of other types of physical contact. The 
longer-tailed male positioned his opisthosoma close to the 
female after sequential physical contacts, and the female 
embraced it again, returning to the basic formation (Fig. 
2A). The antenniform legs of the female were held by both 
males with their chelicerae throughout the entire fight even 
during aggressive physical contact (Fig. 2). 

Ants were also present at this fight. The ants rapidly 
swarmed the males and female and interrupted the fight. 
Next, the males and the female tried to remove the ants by 
shaking their legs rapidly; however, they could not suppress 
a subsequent aggregation of ants. The interval between 
physical contacts seemed to increase gradually, and it be¬ 
came difficult for the males to allocate their full concentra¬ 
tion to fighting. Finally, the shorter-tailed male released the 
female’s antenniform leg from his chelicerae and abandoned 
the female as if wanting to escape from the ants rather than 
from the opponent. Next, the female embraced the 
opisthosoma of the longer-tailed male, and the pair moved 
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Fig. 2. Elements of male-male fighting of Typopeltis stimpsonii. A, basie formation; B, grappling; C, mounting; D, two males pulled eaeh 
of the female’s antenniform legs with their ehelieerae. Ml is the male with the long tail (longer-tailed male), Ms is the male with a short 
tail (shorter-tailed male), and F is the female. The antenniform legs were held by both males throughout the entire fight. Note that the right 
antenniform leg of the female was held under the body of Ml by the ehelieerae and is hidden in A-C. 


into the bush out of our sight. 

Table 1 shows a summary of the time eourse of the fight¬ 
ing elements and the ant attaek every 5 min, based on the 
photos and videos taken. No single element lasted a full 5 
min, exeept for pulling the female lasting at the time period 
of 65-. Fighting was eondueted on the paved road for the 
first 35 min, and then eontinued along the roadside in dense 
vegetation. Thus, individuals frequently returned to the 
basie formation after sequential physieal eontaets in the ear¬ 
lier period, whereas the frequeney of basie formation de- 
ereased later beeause the vegetation impeded attempts of a 
male to smoothly rotate his body and plaee his opisthosoma 
in front of a female, thereby making the next physieal eon- 
taet break out without basie formation. Ants also had begun 
to appear on the photos and videos after the fighting was 
shifted to the road side. Many ants started to swarm over 
the bodies of whip seorpions 70 min after the observations 
began and the whip seorpions’ behavior of shaking their 
legs rapidly to remove ants was observed more frequently. 


Discussion 

This field observation is the first deseription of male- 
male agonistie behavior during whip seorpion mating, al¬ 
though male-female and female-female fighting have been 
reported previously in eaptivity (Weygoldt 1970). The fight 
we observed proeeeded in the form of the physieal eontaet 
observed during wrestling, as the males grappled and taek- 
led eaeh other using their pedipalps, and lifted, turned, and 
mounted their opponent. This observation supports one of 
the hypotheses of Weygoldt (1988) that sexual dimorphism 
in the pedipalps, in whieh the male’s pedipalps are longer 
and stronger than those of the females (Yoshikura 1966; 
Weygoldt 1970, 1988), helps males with larger pedipalps 
fight better and allows them to displaee another male that 
has started mating. Moreover, Weygoldt (1988) provided 
other non-exelusive hypotheses, namely that stronger 
pedipalps are more suceessful in manipulating a female dur¬ 
ing a mating danee, or in performing the final phase of the 
mating proeess, named “stage 3” (MeMonigle 2013) or 
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“pressing” (Schmidt 2009), where the male embraces the 
female’s opisthosoma to push sperm packages deep into the 
female’s gonopore. Our observation also supports a previ¬ 
ous study about the use of chemical spray. Schmidt et al. 
(2000) concluded that the chemical spray of the whip scor¬ 
pions is only used as allomonal defense against predators, 
based on 4 years of observations. We did not see males 
fighting with spray, even during aggressive physical con¬ 
tact, which could provide additional support for the chemi¬ 
cal spray’s function as a defense mechanism against 
predators. 

The interruption of the fight by other organisms (ants in 
this study) could only be observed in a natural environment. 
Fighting may reduce the whip scorpions’ sensitivity to de¬ 
tecting a surrounding environmental risk. We found that 
males took a substantial amount of time in examining their 
opponent’s position with their antenniform legs between 
physical contacts. In addition, because the T. stimpsonii fe¬ 
male was held by both of her antenniform legs by the fight¬ 
ing males, which were concentrating and were less aware of 
their surrounding environment, the female could suffer 
greater environmental risk during fighting, apart from sim¬ 
ply benefiting by acquiring a stronger male. Tradeoffs be¬ 
tween costs and benefits in reproduction are likely to be an 
interesting topic, particularly in whip scorpions, which use 
their antenniform legs not only as sensors for the surround¬ 
ing environment (Schmidt 2009) but also for reproductive 
interaction (Weygoldt 1970; McMonigle 2013; this study). 
Future research to elucidate the functions of antenniform 
legs in various situations might provide a clue for evaluating 
tradeoffs in the reproduction of whip scorpions. 

Although we have conducted intensive field surveys for 
vertebrates and invertebrates on this island at night for many 
years and have frequently recorded single individuals of T. 
stimpsonii, this was the first time we observed mating of 
this species with such a high frequency. Therefore, there 
may be clear peak mating nights within the T. stimpsonii re¬ 
productive season. We have not conducted a systematic 
census of this species and do not have strictly comparable 
data with unified census methods. However, our records of 
this species, taken opportunistically in the course of night 
surveys on this island, do not contradict this expectation 
(Komine & Watari unpublished data). For example, during 
the night of September 6-7, 2013, the day before we ob¬ 
served the fight, we conducted censuses of 13 km by car and 
170 m by walking and encountered only one pair of mating 
T. stimpsonii from the car, which was the first time that we 
observed a mating pair, although the survey site was 20 km 
away from that in this study (Amami City). During the 
night of September 12-13, 2013, when we conducted a 400- 
m census by walking along the same forest road but at a site 
different from the 50-m transect set in this study, we did not 
encounter any individuals. During the night of May 7-8, 
2016, we walked along the transect set in this study and ob¬ 
served three individual females. During the night of June 
12-13, 2015, we conducted a 2-km census by walking and 


six single individuals were observed, although the survey 
site was 10 km away from that in this study (Amami City). 
To reveal this seasonal prevalence of reproduction, further 
research during the reproductive season is warranted. 

The biology of whip scorpions is very unique and may 
provide further insight into the ecology and evolution of 
Arachnida (Weygoldt 1970). However, as the biology of 
only a small number of genera has been investigated and 
few field studies have been conducted, only limited aspects 
of their biology are available. Thus, our single observation 
provides important discoveries in whip scorpion biology, in¬ 
cluding fighting during mating, non-use of the chemical 
spray during fighting, and mating interrupted by other or¬ 
ganisms. Accumulating further observations is desirable for 
promoting more research on whip scorpions. 
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